The photodimerization reaction of pendant styrylpyridinium (SbQ) groups in polyvinyl alcohol), PVA, and polyvinyl alcohol-b-acrylic acid) block copolymers, P(VA b-AA), was evaluated by a spectrophotometric measure-meet. The thermal properties of polymer films were analyzed by evaluating the differential scanning calorimehy (DSC) and the dynamic mechanical thermal analysis (DMA)curves.
ljntroduction investigation of his PVA-SbQ has been performed by Since photo-images of a negative-worldng system are Ichimura et al.. [4, 6] In the solid state, pendant groups developed by solvent lreatnient, water is particularly based on the styrylpyridinium chromophores have been desirable if photosensitive polymers are applied to observed to aggregate in confonnations favorable to a large-scale photoimaging production. Polyvinyl alcohols) cycloaddition ration [4, 7] . The formation of ground-state with stilbazoles or the related chromophores have good aggregates or dieters is induced by slow-converting solubility in water. One of the typical applications of water hydrophilic SbQ groups into hydrophobic SbQ groups [8] . developable photopolymer systems is to produce
The thermal mechanical properties are influenced by the screenprintingplates [1] g presence of SbQ groups [9] . Sample films with identical The photochemistry of stilbazoles and related content of SbQ groups but with difference in a chromaphores has attracted much interest with regard to saponificatian value of the PVA exhibit significantly their photoisomerization and photodimerization different dieimal and mechanical properties [ 10] . reactions. [2] [3] [4] [5] [6] [7] Styrylpyridinium(SbQ) groups undergo
The purpose of this study is w elucidate the [2+2}-cycloaddition reactions (Fig.l) . The cycloaddition photocrosslinldng behavior and the thermal properties of reactions of certain styrylpyridinium compounds have PVA and P(VA b-AA) fins with pendant SbQ groups. been shown to occur via the kited ringlet state [2] and
The photodimerization reaction of SbQ groups in the are favored by association [4, 8] . The systematic solid state was evaluated by a spactirophotomehic measurement The theimal properties were analyzed by evaluaring the differential scanning calorimehy (DSC) and the dynamic mechanical thermal analysis (DMA) curves. In addition, the object of present study is to examine the effects of difference in degree of polymerization of the PVAs on the reactivity of SbQ groups and the thermal properties of tine PVAs.
2.Experimental
Polyvinyl alcohols) (PVAs) have different degrees of polymerization (P=1700-9150) and saponification plate values of 88.0 and 98.5 mol%. A polyvinyl-b-acrylic acid) block copolymer (P(VA-b-AA), PVA:PAA=8:1 mol%) have a polymerization degree of 1700 and a saponification value of 98.5 mol%. Polymers were supplied by Kwaray Co., Ltd.. The photosensitive polymers were prepared by won with formylstyiylpyiidinium (FSbQ) according to the known method [3] . Dialyzing with a membrane to remove the frce FSbQ and the other ionic species purified weir polymers. The polymer films were cast with a doctor blade or a high-pressure Hg lamp with a Pyrex glass filter. spin-water from aqueous solution on a acrylic or a quartz plate and dried in an oven at 60'C for 2 h, and then at 100°C for 18h under vacuum just before its measurement The films having 50 and 2-3 }un were inadiatad by ahigh-pressure Hg lamp with a pyrex glass filter.
Absorption spectra were obtained using a JASCO V-520 Type spacrometer. The extent of cyclodimerization formation of SbQ groups was evaluated from the change in the optical density. The melting temperature, Tm, of the films were determined using differential scanning calorimeliy (DSC) (Mac Science DSC 3100) at a heating rate of 10 °C miri 1 under nitrogen flow. Dynamic mechanical thermal analysis (DMA) was performed for film specimens (15 mm long, 5 mm wide, and about 50 µm thick) on a thereto mechanical analyzer (Mac Science TMA4100) at a loadd frequency of 0.1 Hz and a heating rate of 5 °C mind under a nitrogen atmosphere. 3 .Results and Discussion 3-1.Reactivvity of SbQ groups in a film state SbQ groups. From observation on the UV-visible spectra of SbQ groups, the SbQ groups were divided into two groups, namely a suitable configuration for only isoinerization (M-site) and for dimerization (1)-site). On and degree of polymerization of PVA. groups on the polymer chains, and ultimately the amount of D-site is reached almost constant. The probability of fornation of dieters of P(VA-b-AA}SbQ films was about the same as that of PVA-SbQ films. The rate of decrease in SbQ groups concentration was evaluated from the results in the UV-visible spectra of films (2-3 pun) during the photoimadiation. The apparent rate constant, /c was calculated from the sloe of the first-order plot of residual concentration of SbQ groups against irradiation time. Fig. 4 shows the relationship between the apparent rate constant and the pH in casting solution of films prepared by solvent evaporation The rate of photalimerization of SbQ groups on the polymer chains was dependent on pH. The rate of tine P(VA-b-AA)SbQ film was faster than that of the PVA-SbQ film over the range of about pH=3-9. This result suggests that the probability of fomiarion of ground-date aggregates or dieters may be attributed to a hydrophobic property of the polymer chain. perturbation of the polymer-chain distribution.
The number of cross-linked SbQ groups per polymer chain was plotted in Fig. 6 as a function of the SbQ group content in 88 mol% saponified PVAs (P=1700 and 3500) . The values of N~ increase with increasing SbQ group content in PVAs. The values of F=3500 were greater than that of P=1700. The N~ becomes progressively greater as the content of SbQ group on the same chain increases.
3-2. Thermal properties of polymer films
The dynamic storage modules, E' , in the presence and absence of pendant SbQ groups in PVA and P(VA-b-AA) films over a wide temperature range is shown in Fig. 7 . The P(VA-b-AA) film displays higher E' than that of the PVA fi]m. The values of E' were 2.0 and 1.2 Gpa at 40°C in the presence and absence of SbQ groups in P(VA-b-AA) films, respectively. The reduction of E' indicates that the fraction of tie molecules increases as the amorphous regions are included in the crystalline segment. The dynamic loss tangent, tan S, which is the ratio between the loss and storage modules varies in the presence and absence of SbQ groups in a P(VA b-AA) film as shown in Fig. 8 . Sample films haying SbQ groups exhibited higher a value of the maximum tan 8. This suggests an increase in flie frce volume fraction of the amorphous region. The frce volume fraction in the P(VA-b-AA)-SbQ film is larger than that in the PVA-SbQ film. The decrease of tan S is explained by increase of the crystallinity. Table 1 Characteristics of polymers before and after photoirradiation The glass transition temperature, T~, was determined by the peak temperature of tan S. The films having SbQ groups give lower Tg (121 °C) fan tint of a P(VA-b-AA) film, showing Tg =142°C . The PVA film showed Tg at 124 'C . This result can be explained by the shrong interactions between the PVA hydroxyl groups and the PAA acrylic acid groups. The thennal properties are nfluenced by the pretreatment with heating condition just before DSC and DMA measurements
Figs. 9 and 10 show DSC curves of tine PVA and the P(VA-b-AA) films before and after photoiiradiation. The PVA film has a peak melting temperature, Tm of 224°C and the PVA-SbQ films before and after photoinadiation, of 204°C and 193 °C , respectively. n the other hand, the T,,, of a P(VA-h-AA) film is 215 °C and P(VA-b-AA)SbQ films before and after photoirradiation, 200°C and 197°C, respectively. The area related to the melting peak is associated with enthalpy of fusion , QFI, of the crystalline region, which larger in a PVA than in a P(VA-b-AA).
The relative crystallinity was calculated framdFl of a DSC measurement The films having SbQ groups show lower crystallinity compared to a film in the absence of SbQ groups. These results were summarized in Table 1 . The acrylic acids in P(VA-b-AA) make chain packaging more difficult causing the degree of crystallinity and melting point value to drop. Fig. 11 shows DSC curves of the 88 mol% saponified PVA hamming 1.0 mol% SbQ groups before photoiiradiation. The Tm decry slightly with increasing the degree of polymerization of the PVAs, except the polymer with degrees of polymerization of 3500. The relative crystallinities were listed in Table 2 . The films having higher degree of polymerization exhibited lower crysrtallinity. The degree of crystalliiuty in the films after photoirradiarion was lower than that of the films before photoimadiation. This result attributes to the effect of restriction due to the tendency of SbQ groups to associate in a PVA-SbQ film or the formation of three-dimensional network 4 .Conclusion
The probability of fonnation of 1)-site of the P(VA-b-AA)SbQ film was nearly the same as that in the PVA-SbQ filmu he rate of photodimerization of SbQ groups on the polymer chains depends on the pH in casting solution of films. The rate in a P(VA-b-AA)SbQ was faster than that in a PVA-SbQ. The number of cross-linked SbQ groups per vinyl alcohol repeats unit has the highest value for the polymer with degree of polymerization of 2500. The P(VA-b-AA)-SbQ film has higher E', than that of a PVA-SbQ film. The presence of SbQ groups in a P(VA-b-AA) is responsible for a decrease of the molecular packing density of amorphous regions. The free volume fraction of the amorphous region in a P(VA b-AA)-SbQ film has larger than that in a PVA-SbQ film. The thermal properties of a P(VA-b-AA) were influenced by the strong interactions between the hydroxyl groups and acrylic acid groups.
